The upregulation of EPH receptor B4 (EPHB4) results in a survival advantage for tumor cells via the inhibition of the casapse-8-mediated apoptotic pathway, which begins from the cell membrane. The present study investigated the expression patterns of EPHB4, ephrin B2 (EFNB2) and caspase-8 in patients with esophageal squamous cell carcinoma (ESCC). The association between the expression patterns and certain clinicopathological characteristics of the patients was also determined. mRNA levels of EPHB4, EFNB2 and caspase-8 in paired primary ESCC samples and adjacent esophageal tissues collected from 96 patients with ESCC were quantified using quantitative PCR. Upregulation of EPHB4 and EFNB2 mRNA expression, and downregulation of caspase-8 mRNA were detected in ESCC samples compared with that in the adjacent esophageal tissues. The expression levels of EPHB4 and EFNB2 were positively correlated with each other, whereas the mRNA levels of both EPHB4 and EFNB2 exhibited a negative correlation with that of caspase-8. The mRNA levels of both EPHB4 and EFNB2 demonstrated a significant positive association with certain clinicopathological features of patients with ESCC, including family history, tumor size, metastasis and stage. Conversely, a negative association was revealed between the expression level of caspase-8 and clinicopathological features of patients with ESCC. Moreover, mRNA expression levels of EPHB4 and EFNB2 were negatively associated with survival times of patients with ESCC, whereas the level of caspase-8 was positively associated with patient outcome. The results from the present study suggested that EPHB4, EFNB2 and caspase-8 may be implicated in the tumorigenesis and progression of ESCC, and that consequently, they may serve as useful prognostic markers, as well as potential therapeutic targets.
Introduction
The Eph receptor family comprises the largest receptor tyrosine kinase superfamily, and contains 14 distinct members, with 9 molecules identified in its ligand ephrin family (1) . According to their sequence homology and binding specificity, both Ephs and ephrins are classified as type A and B. Upon engagement of Eph by the cognate ephrin, the two molecules activate simultaneously and induce intracellular signal transduction, which initiates a number of biological processes, including axon guidance, neural crest cell migration, hindbrain segmentation, somite formation and vasculogenesis (2, 3) . Moreover, there is accumulating evidence that the Eph/ephrin system also serves a pivotal role in the development and progression of numerous cancer types (4, 5) .
EPH receptor A2 (EphA2) is the most well characterized of the Eph receptors, particularly when regarding its role in tumorigenesis; it has been revealed to be upregulated in a number of different types of tumor, including prostate, colon and lung cancer, as well as melanomas (4) . Furthermore, overexpression of EphA2 is able to induce malignant transformation in mammary epithelial cells (4) . The EphB/ephrinB system is also implicated in tumorigenesis (4) . The expression level of EphB2 is reported to be upregulated in gastrointestinal, liver, ovarian, lung and renal cancers (4) . Although the majority of Expression levels of EPHB4, EFNB2 and caspase-8 are associated with clinicopathological features and progression of esophageal squamous cell cancer studies suggest that Ephs and ephrins serve an oncogenic role, EphB2 was reported as a tumor suppressor in prostate and colorectal tumors (6) (7) (8) . These findings reflect the complexity of the differential functions of the Eph/ephrin system, which is capable of exerting context-dependent agonistic or antagonistic effects. Caspase-8, a member of the cysteine-aspartic acid protease (caspase) family, is well characterized as an initiator of death receptor-mediated apoptosis, and has been implicated in other similar apoptotic responses (9) . Caspase-8 promoter methylation results in the loss of gene expression, which is associated with tumor severity in a variety of different tumor types. The methylation-mediated silencing of key apoptosis-associated genes serves an important role in the pathogenesis and development of therapeutic resistance in human cancer cells (10) . Esophageal cancer represents the sixth most frequent cause of cancer-associated mortality worldwide (11) . Esophageal squamous cell carcinoma (ESCC) is the most prevalent histological subtype of esophageal cancer and exhibits high mortality rates and a 5-year overall survival rate of ≤15% (12, 13) . The most common pathological subtypes of esophageal cancer are ESCC and esophageal adenocarcinoma. Despite the well-characterized pathological progression of ESCC, the underlying molecular mechanisms are predominantly yet to be elucidated. Several studies reported that the expression of EphA2 (and one of its receptors, ephrinA1) were upregulated in ESCC, and correlated with tumor progression and patient survival, revealing their predictive potential for the diagnosis and prognosis of patients with ESCC (14) . Previous studies demonstrated that EPHB4 conferred a survival advantage on tumor cells by decreasing apoptosis, whereas knockdown of EPHB4 expression using siRNA induced apoptosis and decreased tumor cell viability via the activation of caspase-8. However, studies focusing on the influence that EphB/ephrin-B and caspase-8 exert on ESCC progression and genesis remain limited. Therefore, the present study investigated the expression levels of EPHB4, its cognate ligand ephrin B2 (EFNB2) (1-3) and caspase-8 in ESCC. In addition, the association between their relative expression levels and clinical parameters important in the diagnosis and prognosis of ESCC were also investigated in the present study. The results from the present study provide additional understanding, potentially facilitating the development of diagnostic and therapeutic strategies for the treatment of ESCC.
Materials and methods
Patients and samples. In the present study, 96 ESCC samples, and their paired paracancerous esophageal tissues, were obtained from patients with ESCC treated at the First Affiliated Hospital of Zhengzhou University (Henan, China), between July 2002 and August 2006, following the provision of written informed consent. The tumor stage was classified according to the 8th edition of the TNM classification (15) . Cancerous tissues were surgically resected from patients who had not received any neo-adjuvant therapy, and the corresponding non-cancerous 'normal' tissues, located at least 3 cm away from the tumor site, were obtained in the same manner. Each specimen was divided into 2 pieces, one of which was fixed in 4% formalin at 4˚C overnight, sectioned and examined using immunohistochemical (IHC) staining, and the other of which was stored at -80˚C. The present study was approved by the Institutional Review Board of the Institute for Nutritional Sciences, Chinese Academy of Sciences.
Quantitative (q)PCR. RNA extraction, DNA template synthesis and amplification reactions were performed as previously described (16) . The primers for the qPCR are listed as follows: EPHB4 forward, 5'-TCC TTC CTG CGG CTA AAC-3' and reverse, 5'-CTT TGC AGA CGA GGT TGC T-3'; EFNB2 forward, 5'-TCT TTG GAG GGC CTG GAT AA-3' and reverse, 5'-CGT CTG TGC TAG AAC CTG GAT T-3'; caspase-8 forward, 5'-CTG CAG AGG AAC CTG GTA CAT CC-3' and reverse, 5'-TCT TAC TCC AAG GTG GCC ATG-3'; and β-actin forward, 5'-GAT CAT TGC TCC TCC TGA GC-3' and reverse, 5'-ACT CCT GCT TGC TGA TCC AC-3'. All primers were designed using PRIMER5 software (version 5.00; Premier Biosoft International) and purchased from Shanghai Sangong Pharmaceutical Co., Ltd. Reactions were characterized at the point during cycling when amplification of the PCR product was first detected after a fixed number of cycles. Quantification was performed by measuring the quantitation cycle (Cq) value. The levels of target genes in each sample were normalized to the housekeeping gene β-actin via the following formula: Normalized level (NL)=level (target) /level (β-actin) =2 Cq(target) /2 Cq(β-actin) =2 Cq(target)-Cq(β-actin) =2 ∆Cq . Furthermore, the relative levels (RL) of target genes in cancer tissues vs. corresponding normal samples were calculated according to the formula: RL=NL (cancer) /NL (normal) =2 ∆Cq(cancer) /2 ∆Cq(normal) =2 [∆C q(cancer)-∆Cq(normal)] =2 ∆∆Cq . As both NL and RL are represented as 2 Cq , the present study used ∆Cq and ∆∆Cq to represent NL and RL, respectively, when performing statistical analysis.
IHC. The specimens were fixed in 4% formalin at 4˚C overnight. The paraffin-embedded tissues were cut into 5-µm thick sections, deparaffinized, rehydrated in graded dimethylbenzene and ethanol solutions, and subjected to antigen retrieval. Subsequently, the sections were blocked using 5% normal goat serum (Invitrogen; Thermo Fisher Scientific, Inc.) at room temperature for 1 h. The tissue sections were then incubated with the following primary antibodies at 4˚C overnight: Rabbit anti-human EPHB4 (1:500; cat. no. sc-365510), rabbit anti-human EFNB2 (1:500, cat. no. sc-398735) (both Santa Cruz Biotechnology, Inc.) and rabbit anti-human caspase-8 (1:100; cat. no. 552143; BD Pharmingen; BD Biosciences). Following primary incubation, the sections were incubated at 37˚C for 1 h with horseradish peroxidase-conjugated goat anti-rabbit IgG secondary antibody (1:1,000; cat. no. A-10194; Chemicon International; Thermo Fisher Scientific Inc.). Finally, all sections were counterstained with hematoxylin at room temperature for 5-8 min.
Scoring of IHC staining was simultaneously performed by three independent pathologists. Tumor cells positive and negative for staining were counted separately under a light microscope (magnification, x200). For each slide, 7-10 microscopic fields with ≥300 cells/microscopic field were randomly selected. The ratio of positive cells was calculated as the number of positively stained tumor cells divided by the total tumor cells, in each high-power field area. The level of protein expression was quantified by calculating the percentage ratio of positively stained cells in the esophageal cancer sample compared with that in the matched paracancerous esophageal tissues. Patients with high expression of EPHB4, EFNB2 and caspase-8 had protein levels of ≥1.89, ≥1.57 and ≥0.56, respectively; whereas patients with low expression had protein levels of <1.89, <1.57 and <0.56, respectively.
Statistical analysis. The χ 2 test was used to determine the association between the expression levels of EPHB4, EFNB2
and caspase-8 in ESCC samples and the clinical characteristics, respectively. Pearson's correlation analysis was used to estimate the relative degree. Kaplan-Meier survival curves comparing patients with high and low expression at the mRNA and protein levels were plotted and univariate survival analysis was performed using log-rank test.
Multivariate analyses were performed to estimate the effects of certain clinicopathological characteristics, and the expression levels of the two genes, on survival. The data were analyzed using Student's t-test. P<0.05 were considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS version 22 (IBM Corporation).
Results

Expression of EPHB4, EFNB2 and caspase-8 genes in ESCC and matched normal esophageal tissues.
In order to investigate the expression pattern of EPHB4, EFNB2 and caspase-8 in ESCC, the mRNA levels of the three genes were quantified in 96 pairs of tumor samples and matched normal esophageal tissue samples using qPCR. Expression levels were presented as a ratio between EPHB4, EFNB2 or caspase-8 and the reference gene β-actin. Upregulation of EPHB4 and EFNB2 occurred in 63 out of 96 (66%) ESCC samples, and 53 out of 96 (55%) paired normal esophageal tissues, respectively. Figure 1 . Expression patterns of EPHB4 and EFNB2 in ESCC compared with those in matched normal esophageal tissues. Relative mRNA expression levels of EPHB4 and EFNB2 in human ESCC and paired paracancerous esophageal tissues were examined using quantitative PCR. Each bar is the log 2 value of the ratio of either EPHB4 or EFNB2 mRNA level between (T) ESCC and (N) paired paracancerous tissues from the same patient. Less than 2-fold change: The ratio between tumor and normal tissue is <2. Moreover, as Log 2 2=1, bar value >1 represents >2-fold increase (T > N), whereas bar value <-1 represents >2-fold decrease (T < N). EPHB4, EPH receptor B4; EFNB2, ephrin B2; ESCC, esophageal squamous cell carcinoma.
By contrast, downregulation of caspase-8 was observed in 55 out of 96 (57%) ESCC samples, when compared with that in normal tissues ( Fig. 1 ). Univariate analysis revealed that the mRNA level of EPHB4 was significantly increased in tumor tissues, compared with paired normal tissues (P=0.001), while the expression level of caspase-8 was significantly lower in the ESCC samples (P= 0.001). However, there was no significant difference in the mRNA level of EFNB2 between the ESCC and paired normal tissues (P=0.172) (Table I ). Pearson's correlation analysis demonstrated that the mRNA expression of EPHB4 was positively correlated with that of EFNB2 (R 2 =0.620; P<0.001). Notably, EPHB4 (R 2 =-0.428; P=0.001) and EFNB2 (R 2 =-0.267, P=0.028) were both negatively correlated with caspase-8 (Table II) .
Subsequently, IHC was performed to investigate the protein expression levels of EPHB4, EFNB2 and caspase-8 proteins in 96 pairs of esophageal tissues. As presented in Fig. 2A and C, EPHB4 and EFNB2 proteins were not apparent in the majority of normal esophageal epithelial cells, while they were highly expressed in the majority tumor cells in corresponding ESCC tissues ( Fig. 2B and D), synonymous with previous reports (14, 17) . As presented in Fig. 2E , strong staining of caspase-8 was observed in the superficial layer of normal esophageal epithelia, but was almost undetectable in the ESCC samples ( Fig. 2F ), which is also consistent with other studies (18, 19) . The IHC scoring analysis revealed that the ratio of EPHB4/EFNB2-positive to -negative cells in ESCC tissues was significantly higher in comparison with that in the corresponding normal tissue, whereas the ratio of caspase-8-positive to -negative cells was lower in ESCC tissues compared with that in their normal counterparts (Table I) .
Association between the expression of EPHB4, EFNB2 and caspase-8, and the clinicopathological features of patients with ESCC. The univariate analysis revealed a significant association between the expression of EPHB4 and family history, metastasis, and tumor size, position and stage. The expression level of EPHB4 was significantly higher in patients with a family history of cancer (P<0.001). A significant association also existed between increased levels of EPHB4 and metastasis (P=0.001), larger tumors (P=0.001), ESCC located in the lower segment of the esophagus (P=0.010) and a higher stage (P=0.043), indicating that the upregulation of EPHB4 expression was associated with ESCC progression. Sex and age were not significantly associated with the expression level of EPHB4 (Table III) .
Statistical analysis also demonstrated that the expression level of EFNB2 was significantly associated with several clinical features, including tumor position and family history. The mRNA level of EFNB2 was significantly higher in the patients with a family history of cancer (P<0.001). ESCCs located in the lower segment of the esophagus exhibited higher EFNB2 expression than those in the upper segment (P=0.048). However, no associations were observed between the expression level of EFNB2 and sex, age, metastasis or tumor size and stage (Table III) .
The expression level of caspase-8 was significantly downregulated in patients with family history (P=0.012). Downregulated expression levels of caspase-8 were significantly associated with metastasis (P<0.000), increased tumor size (P<0.000), ESCC at the lower segment of the esophagus (P=0.019) and a higher stage (P<0.000), indicating that low caspase-8 expression is associated with the progression of ESCC (Table III) . However, there was no significant association observed between caspase-8 expression and sex or age.
IHC scoring analysis revealed that the ratio of EPHB4-positive to -negative cells in tissue samples was higher in patients with a family history of cancer (P=0.002). There was also a significant association between a higher positive-staining ratio and metastasis (P=0.005), larger mRNA tumors (P<0.001) and higher tumor stages (P=0.004). The increased ratio of EFNB2-positive to -negative cells, as well as a decreased ratio of caspase-8 was identified in patients with metastasis or greater tumors, respectively (EFNB2, P=0.004 and P=0.018, respectively; and caspase-8, P=0.000 and P=0.000, respectively) (Table IV) . Taken together, the associations between protein levels of EPHB4, EFNB2 or caspase-8 and certain clinicopathological features of patients with ESCC (according to IHC), were consistent with the results concerning the mRNA levels.
Expression of EphB4, EFNB2 or caspase-8 and clinical outcomes of ESCC. The univariate survival analysis demon-strated that patient age, family history and tumor metastasis were all significantly associated with survival time. The mRNA expression levels of EPHB4 and EFNB2 but not caspase-8, was associated with survival time and the protein expression levels of EPHB4 and caspase-8, but not EFNB2, was associated with survival time (Table V) . Kaplan-Meier curves indicated that patients with higher mRNA (P<0.0001) and protein (P<0.0001) expression levels of EPHB4 exhibited a significantly shortened median survival time, compared with patients with lower expression levels ( Fig. 3A and B ; Table V) . Similarly, patients with higher mRNA level of EFNB2 expression (P=0.041; Fig. 3C ), or patients with lower protein level expression of caspase-8 expression (P=0.045; Fig. 3F ) also exhibited a significantly shortened median survival time (Table V ). In addition, as presented in Table V , patients with a family history of cancer exhibited a significantly decreased survival time compared with those without a family history of cancer (P<0.001). Furthermore, older patients also had a shortened survival time compared with those patients that were younger (P<0.001), and patients with metastatic tumors exhibited a markedly decreased survival time compared with those without tumor metastasis (P<0.001) (Table V) . However, there were no significant associations observed between survival and sex, tumor size, stage or position. The multivariate analysis results revealed that the mRNA expression level of EPHB4 and EFNB2, the protein expression level of EPHB4 and caspase-8, metastasis and family history were all significant independent risk factors for ESCC, with hazard ratios of 5.290, 3.146, 1.394, 2.784, 1.885 and 1.786, respectively (Table VI) .
Discussion
A number of studies have reported that EPHB4 and/or EFNB2 expression is upregulated in multiple malignancies, including gastric (20) , colon (21), uterine endometrial (22, 23) , breast (24), cervical (25) and ovarian cancer (26), melanoma (27), esophageal squamous cell carcinoma (14, 16) and squamous cell carcinoma of the head and neck (28) , which suggests that EPHB4 and EFNB2 may serve an oncogenic role in these tumor types. In the present study, it was observed that the expression of either EPHB4 or EPNB2 was increased in ESCC samples compared with that in corresponding normal esophageal tissues. It has been previously demonstrated that the upregulation of EPHB4 or EPNB2 is associated with metastasis and decreased survival in patients with ESCC (14, 16) ; however, the present study revealed that it is also associated with tumor size and position, and family history, as well as confirming its association with decreased survival. Therefore, EPHB4 and EFNB2 may also serve oncogenic roles in the development and progression of ESCC. The present study revealed that EPHB4 expression exhibited a positive correlation with EFNB2 expression, at both the mRNA and protein level; furthermore, IHC demonstrated that both molecules were expressed in the majority of ESCC cells. Considering they are cognate receptors and ligands, the aforementioned results suggested their potential ligation and the activation of downstream pathways in ESCC. Previous studies demonstrated that the activation of EPHB4 and/or EFNB2 triggered 'forward' and 'reverse' bidirectional signaling (2, 3) , which may stimulate angiogenesis in vivo (25, (29) (30) (31) (32) , and stimulated the growth of primary and metastatic tumor cells (33, 34) . The EPHB4 'forward' signaling was able to promote the proliferation and migration of endothelial cells via the Pl-3 kinase pathway, which increased the formation of new cancer vasculature (35) . The EFNB2 'reverse' signaling, upon activation by EPHB4, not only induced an angiogenic response in cultured endothelial cells, but also promoted angiogenesis in breast cancer xenografts in vivo (35) . In addition, EPHB4 and EFNB2 were also revealed to promote angiogenesis-independent tumor formation, in which the EFNB2-dependent EPHB4 'forward' signaling enhanced the migration and invasion of melanoma cells (36) , via the activation of RhoA GTPase. The present study determined that Table IV . Continued. EPHB4 expression was associated with tumor size, metastasis and stage, indicating that EPHB4 may influence ESCC cell proliferation and migration. EPHB4 has been reported to promote the proliferation and migration of tumor cells in a variety of different cancer types (22, 23, 28, (36) (37) (38) (39) (40) (41) (42) , which supports the results of the present study. In addition, the present study demonstrated that the upregulation of EPHB4 and EFNB2 was associated with poor outcome, and there have been similar reports in squamous cell carcinoma of the head and neck (28) , as well as in endometrial (22) and ovarian cancer (26, 43) . Resistance to apoptosis is required for tumor growth, and is a hallmark of cancer cells (44) . Apoptosis resistance contributes to tumorigenesis, and results in the failure of cyto- toxic therapies and a poor prognosis in patients, suggesting that targeting apoptotic pathways may represent a promising therapeutic approach for anticancer treatment. Accumulating evidence has demonstrated that apoptosis resistance, caused by downregulation of proapoptotic signaling molecules (such as caspase-8), frequently occurs in tumors of various origins. The present study demonstrated that the mRNA and protein level of caspase-8 was significantly downregulated in ESCC tissues compared with that in paracancerous tissues, indicating that this molecule may influence escape from endogenous growth control in the development and progression of ESCCs, which was similar to the findings previously reported (19) . However, the present study also revealed that the expression of caspase-8 was associated with certain clinicopathological characteristics, including metastasis, tumor size, position and stage, and patient prognosis, in contrast to certain previously reported results (18) . In conclusion, the downregulation of caspase-8 expression in ESCC suggested that it may serve as a useful predictor of prognosis in this type of cancer. Furthermore, the present study analyzed the associations between EPHB4, EFNB2 and caspase-8 in ESCC. The results revealed that, in ESCC tissues, the expression levels of EPHB4 and EFNB2 were negatively correlated with caspase-8 at both the mRNA and protein levels, which, to the best of our knowledge, has not been yet reported elsewhere.
The present study indicates that the upregulation of EPHB4 and EFNB2 expression in tumor cells promotes growth (via the inhibition of apoptotic pathways), which may be facilitated by a decrease in caspase-8 expression, resulting from regulation of the downstream effectors of EPHB4/EFNB2. A diagram representing the underlying molecular mechanism concerning the role of EPHB4, EFNB2 and caspase-8 in ESCC cells is exhibited in Fig. 4 . The negative association between caspase-8 activation and EPHB4 expression has been previously reported in ovarian carcinoma (26) , and is consistent with the results of the present study. The Ras/MAPK/ERK and Akt signaling pathways, downstream of EPHB4, could confer anti-apoptotic characteristics. However, the molecular mechanism underlying the negative correlation between EPHB4/EFNB2 and caspase-8 expression requires further investigation. Overall, the upregulation of EPHB4 and EFNB2 in tumor cells may disrupt caspase-8-mediated apoptosis and confer a survival advantage in tumor cells.
In summary, the present study reported that both EPHB4 and EFNB2 were upregulated, while caspase-8 was downregulated, in ESCC tissues compared with that in matched normal tissues. Expression levels were closely associated with a number of clinicopathological features, as well as patient survival. The current findings indicate the importance of the three molecules studied with regard to the genesis and progression of ESCC. Consequently, the expression levels of EPHB4, EFNB2 and caspase-8 may serve as biological signatures and useful prognostic indicators in ESCC, as well as potentially representing novel therapeutic targets in this type of cancer. 
